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(57) Abstract: 

PROBLEM TO BE SOLVED: To cool an electronic 
device having a large amount of heat generation with high 
efficiency. 

SOLUTION: A heat transfer structural body includes a 
pump 30, an air side heat exchanger 32 mounted close 
to a fan and a heat transmission board 34 which is 
mounted on a chip P, which is a high heat generation 
component and evaporates the heat from the 
component. When the pump 30 supplies a cooling liquid 
continuously to the heat transfer plate 34 on the side of 
the chip 3 by way of piping, the heat from the chip 3 is 
transmitted to the liquid. When the liquid holding the heat 
is sent to the air side heat exchanger 32, the heat is 
dissipated. A liquid cooling agent is further employed and 
the heat is dissipated by the liquid to the air, which makes 
it possible to enhance heat dissipation. 
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mmmmm±i^y::^\:i^ox^±^n^m^mm^'^^ 
m^^mmi^xh<:>x. 

iu IB ^ — *5 V > T HU ta >^ T >- b T >9 # tt 

20 ^^m^^n'^^x,o\^mm\^xum^thtLUW(^m{^ 

?S*?&a]WA;^P*5J:t>*t±J;^p^*-r^i:*{3:. ^(d\H 
30 gptciiisg^^L. S5iaA;^p;5i^^mlfEt±i;^p^r?^ai«- 

5^4&1®(^>mftaA;^^-br^t:iMt;^^iBlf. *5 J: r/tftfefi 
(m*^ 8 J IS^Jg 7 IS^CQ ^ tr'zx - {c:Jo V 

50 T. mw^^>'^^=^—^^n'^^-^^^j>if\'X^ mm<o^^ 




3 

^^^^ • K^-Y:7'^5^ff^{;i^fl^(0^®?^^^^Wt-5. 

W-em^ttfc^l:i6J:t/m2gi55>^^;?^. SftiaJ^iPW 

ti.yh||i*5J:i>'^2ai;^jia^gi55><lr^^^. mflEA;^*5 
^5j:t;?m2tti;^a55^(w«AHrt^i: L. m^fa^^- F • 

im^m 1 3 1 if 1 1 IB«ol8^3gs^-*5u^T. 

mj|BU^<^>^ y ';/>^cDHrrlHl|l*3j:t/^2T-i=s(?^^^ 

Il2/u->^a55>j^. Buis^i r-J^^oJ:t/m^lsll2T- 
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• Ky-r>^;65. ±M. JS®. :^b^J:U!2mcD^r^{aij 

10 m^i^mmxh^x. 
F • • vy^y't. 

jSffii:. M<7)^^— F • • F^'<:;^^^:>^^^^'v^v>/ 

<Dmm±m t(Dm i^mm ^ ntimmmy^^^i^x^ox. 
mf^^mu^mm^'^. Hiff2/N-F-7^^>^^ • F^^ 

50 mmo 




5 

im^m 1 7 ] smm i 5 mm<om^mm\^^\^^x. 
ummi 9 1 tmmi 5mm(om^mmi^:^^^x. 

[fi*« 2 0 ] If 1 9 lE«c(7)tt^^Btc:*5V^T. 
m'^^mi^H^S Oy<—^lyh(D=^^Uly • /U^ 

(Dm:^mx h^^t ^WiSi t-r^ m^r-mmo 

l$m^ 2 1 ] 1 5 fE«^7)®^3^B^-:^oV^T. 

[1**^2 3] m^mi smm<Dm^mm\c:i6\,^x. 
im^m2 4) tmmi 6mm<Dm^mmi^^^^^x. 

[ 0 0 O 1 1 
[0 0 0 2] 
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Tl/^'5o ib{^Mffi;^5^>!f{c:li;bn-r^ (incremental incre 
ase) <h . ArrheniusCO^t;:: L^tl^^oX&i^mnmm^^^ 

m:kir^::Lt\^^<^hnx\^^^o tit^\-£. i. Oe 

VcDSbf^^^/I^^ (activation energy) i , 

10 bfc;^SoT. Pentium (^^^;^) CD J: 5 V e° 

[0 0 0 3] m'T-m^^i^^^if^y ^ > • 

onduction) . J: XJ^^^m^ J: o T ^m^m^T^i^i^ 
a ^ r ^ J: (convection) {:! J: o T. 

tfe^iir^r ^(i<i>^T*fe^o ^^J;t(i\ IntelC04 8 6 >^ 
n-fe'-zi^f^, ^?f^:7^ >'#|gt^g^1^(conformal finnedh 
20 eat exchanger) (;iJ:oT^^^P^^tV\ I ntel(D Pentium 
i^mmm) ^^yy'\^. Pentium (^^^^) 

t±iMl^®i^^t&^ (extended surface heat exchanger) 
t LTt>^ibttTV^^o Intel<7>M{^0f bV^/-<— >" 
(7)Pentium (^g^^#) (DJ:5>is fe^^(D«^4^0»J 

[0 0 0 4] m^i^'^ wi-i^sM^^m#^^cD?^a^/ 
;^-7"^t>. vtMm/^x\^^htLX\^^^<Dm^^^ mx. 

^yl^^^ • ^(Peltier cooler) *3 <J: U^t — h • 
^•?>r >^ (heat pipe) ;d5^a^)tbTV bi^i^L. ^/U^rc 

t*. 3^(:ifS?a*3J:U^fg:M|^;^^6^y if->^^(hot and col 
40 d termodynamic reservoir) COS 

[0 0 0 5] ^fz^ minimi 
fflt>^*pT^fe^o ^(oninm^. h^^-v^^^. 

WakefieldCD Wakefield EngineeringCOEG&ampjG Components 

Divisionj^. mfxm^^—^^^^iy- hte^ia 

50 x<Dmf)^m^ir^. /£^4^co^#e§§*3j:irs CR^?^ 




7 



o >y ^ (water-cooled solid copper block) (Zl ft) o ^h?!^ 
^t-r^o Wakef ieldCDJ^SP^Kti^/ ^ < ^t^(OiKJ^t^ 

[0 0 0 6] ^^co?^e*s^s<^4*tM^ mz.. ±m(D^ 

^5, 1 5 9, 5 2 S^om^lt^^^^Jt^ 
loi^±^^^fi(7)i^i|I®^5yg^^i^TV^S. ':f=7:^=^^y 

"^mm^p^^o ^mmm^. 144, 5 3 2-^(*. 2 

7 4 8, 4 9 5-^(i, IPOt— h — >^>^^jilCT. 
i^z^-/i^^m7J<ir:bo St-. *(11#t^^4, 7 5 8, 9 
[0 0 0 7] 

ff (^Pentium (^^FS^) ^P-fe o/f-J^/N- K • 
[0 0 0 8] 

i^•^>;/y^;0^ y^nir>yi^ • ;^C7 h<:oio(:i:Jo(t^-^ 
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10 [00 0 9] if^^'m(om.(o'mmmx\%^ ^{"^^(0^^— k 

[0010] K • • • ht^ 

30 TfEtti~^o 
[0 0 1 1 ] 

. — tKU— ->3 >^ (Intel Corporation) ^^^igi" 
5^>^X^TA (Pentium (^gS:^^) ) 

{^m^At LT^^tbTV^^o InteHC:.i;oTft^tCPen 
tium;5S^^$tl^fC(t Intelf^. V ' l^l^ ^ (O^^ 

^ :<^^xy^^n.m(r>m^mmzmm-^\i. Pentiumt^?^ 

^:it^m^l^tlo ^S^/<-i^3 V-OPentium (^g^K 

df>(^(OQ 6 MHZ Pentium (^g^ffi^) ^/f-COft 
;^H;'JJ^1 6WT*fe«9. • f'-fXli 2 . 1 

6" X 2. 16". *^B#COffi)fm^(^ 7 O'CT^fo^Cl 
<^;^|5^^;^^TV^fCo Mt-. Intelti. -6 Pentium (^ 
^PS^) ^ciir :y-y-<7)S:;^:ig^S'g*?MS (maximum devic 
e junction temperature) 9 OX^X^h ^ ttHI 

50 [0 0 12] AM6^^<e:=i:/t*ix — ^co/^r^ v^>'^F^T 




[0 0 13] ff-ffif-tc^^Pentium^nir '^i^. ^^Xf^-^ 
ffi^^A^InlSS (AS I C S :application specific inte 
grated circuit) (D ^ 0 ^^^(0{'^<D^Wy\^M.^f' -y-:^^ 10 

Mmmu.^:f^-^y^itfz.\^^^y':f\^^'^\^X. m 

[0014] mi ^^m-r^ t . 1 0 r*^-r =1 
loj*. ^^£3^5S^ff{-*3v^T^^c>i: 5^0^. ^M(Dmmx 

M^<Dy'^^iy>'^ 1 0(i. JlSffil 1. ^l^CO>Pf 
fpj{|lJSl 2 a, 12 b. *5i:Uf||2»(;5>^f6]miJcS 1 4 
a, 14b^^^. ^H^t^^rtBSSi^^ttrv^^o 30 

1 1. /c^?>OT-{|lJffil 2 a — b^D^th^l 4 a'-bClfto 
[0 0 15] ^fi^^RT*(i<ii:^-efe6;55^ -v-if— -Tjf— K 

[001 6] -^-tP- • Kl 5f^. -il(D^c7 0/ 
Pentium (^S^^:^) ^ yciJi-^C^f&COiSa^ifc:^'^ ir :y 50 
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5^^SS^^tf. -ilO rK-:$^-J tK— K(daughter 

>'i5^":7::i^— >^Stec7:>cJ: 5/^-^(:ofdicD K— ^— - ^— F 
t>^«c$tbT:|Bi9. ^tl^<^l 7:JoJ:U:i 8T*aS'Ji- 
. f-o,:7^(i^ ifuj^A;^ (Z I 

F : zero insertion force) ^fc(*{g|f A;^ (L I F : 
low insertion force) b (-^3S-t~^ - <b ® 

[0 0 17] mM2. 1 (i. {lijffil 4 a*Dj;0?l 2 bPflt^ 

T t> . MtLyh?^aiWt^ 3til{|ij \c T* t V ^ J: 
M2 1 ^::pSLr^^9#^tibtbTv^So {Ry®En-^®i4 
i^^^mm\^x%m:t^'^^(Dm.K^x,'amm-'^mt 
[0 0 18] *:^pj<^3SBAfi. mm^nM^'^m.m^ 

^f*:61j{c:3 2X*^i-^^{|fJIKi5^j^. ^^Xf-mum 
^3 4^^tro 4^v:7'3 0ti. v-^— v-l 3co1$^p^{c::^o 

^#JI^3^i^m 3 2 :Jo J:uf«m3^^ 3 4 r^tcijft^q^t 

EI3ic^^fR!JS3^tM3 2^i¥*ffl(;i^-ro ^^ft'JI^ 
^tS^^3 2(*. #^c7)ffi^W^:IA^^t^/^l^^sm1t^7)V^ 
-rt^T-t>J:v^ ^ifjg^iSMTJi. HI 3 c7)B5^t^ 3 2 

ti. -^f-^zi-— ir :y:y^^^^WakefieldCOWakefield Enginee 
ringC?:>EGG&G Division;a5|^^-f -S. 1 8 k w^-T?c^^^ 

^s^^-r6 7 2 0i/y"Xisi3^^a<tf5]i^cot>(o^-r 

i^f^J:v^o 7 2 0 — X|Si3^^3 2(^. A;^P 3 2 
c;e>^ibMr>\ !tetT<^^?:eL. m;^P 3 2 b(c::ioV>T^=- 
:y h;^^^tH^«dif 3 2 a ^SB^ 3 2 a ^ifeS 

t>t^T*fe'5o ^^#J:7^>-3 2 dti. • :7 

W{-^^?fttte>ttTV>S, ^n^/hf^, A^^te/cfRotr 
on Muffin Fan tm XL M#MX2A3iC>ftM fo-SV^tiffi 

(^:7r >^ • b 2 2 ^^Wl^x\X<i^^o:>^o\^^ 
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ability rating) ^JL94 94V-2. :Jb^ J:U^U L^ — 
^pJjoi:tJ^n 2/:^ • tx—^-^^iHL motor overload and 1 
ock rotor rating) ^UL1950 <^ -f-^t "Cfc^o '^M<D^ 

f^m:^n 3 0 b^^-rso 

[0019] 'AM^ 34^. m2 t^»6^(^^i-o i^*P 

3 4 b{CioV^TXife@a^3 5, 3 e^Stl-. -^(^^A 
3 4 c ^r:}oV^rSaigaW3 e^Stt'So 7}^V:7^^ii/ 
Vl 3^D^^^F^cov^Ttb;^)^O^ffl^tg^^^^X*^btv^^ 

^*r^;l@aeLTt><^:v^oT^ *^@a^3 5, sef^. m 

Pentium mm^W) '^yZf<D^^U<Di^^i^tl\^'^'7 
%X\t.<ik^(DX.O\^. (thermal grease)^fc 

fz.nMm.xV^^'L.^ iSS. Ji®*Dj:U^4:*-fS]o{ftijffi^W 

fi. /^^>i^:/^(^S^(D5$;^f^gP5>(^:^£U?^ ioiM_h 
<D\h^^<yy;vik^\^^ A;^^3 6*5J:u^m;^t=3 5 <t 

#-efc'9. -^^ar^^&t^uLei vw-ii:-t--<tT*fe^o 

[0 0 2 0] ^f^?&iPH-f^. tK. ^fct^ 5 0/-?— tr^-> 

[0 0 2 1 ] v^-^-v-JitC^flc^iX^S^mjsKfeti. A 
^^1 0^_h#^-^^r ^;d5;b;^i^oTi/^6o Mt-. Pent 
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ium imM'^w) (ox.bfmmm^=f'y:^\^. m^ou 

1/ ^ L 7 0 ^coSbftfaSSSffl ^^i- ^ r i: >b ^^t?o T 1/ ^ 

^^±{c J: o T fitt^^;^ ^ ^ ^ti.r 1/ ^ -5 ^ :y ^ isjtg 

iPfe 3 4 (7)^3ai^eit^#^^;iAttT|g^i^»^ 3 2 c^)i^ 

-rxioj:r>*7K>':7^3 0(7>ffi5g^is:fi-b. 

^F^(7)i^ffl?MS^4 o^^^g^bfcm^co^fBT'fc 
ii^corT^air '^i^. ASIC. 

[0 0 2 2] Ill4'-[^6^#fiS,-t-^^^ 3^gB- 1 , B 
- 2;ei5^^ti.TV^S, rH^ti. K--7^^;^^ • K 

20 i:i^t-K^-f :^D- 1 . *3J:l>*[gl6i;i^-r K^-^':/D- 
^ - V:fo J: UJ^IS§§ (envelope) . rffl^CT^^^p^t JBK 
^^J^^oTV^^o K^-f::?'D-l, D-2f*, :=iVt:"^ 

fcSa^lJ (|I|7{c:^LT^r^) ^^V^-rtv;el>l?^®^tl. 

cfcoT/^^P^tt. M—Y'-^l^^n.^ ^(D^<>y^—-J(D 
'f^^(Dtz}sbm\^^^tt^X^t^^\ D-1, U-2(D^ 

30 (half height)j r:7/U . />Y h (full height)j 

^ 1 Y "9 > • V • K • ^ y^ 

• K^-rXtii^^^5^l . 6 3^>-^r*fcS::^T*fo 

ti^ IgI4*DJ:t/0 6^r:^ov^r5 or*^-rj:9^^¥--tDX 

y hgS^Ste (PWB : printed wiring board) 

40 J:oTlt^^ixTVN^o ^'N— K • 7^^;^^ • K^YX- 

^^^7v^:^^5 1 (7)ft!l<7)^ffi{^fi. _b®5 1 mJ{|iJ®5 
1 c*Dj:W*fi"J®5 1 /.e^>U?(c:>ctf&]{iiJ^5 1 e, 5 

• K^-rX^^5 1 f^. ^^r pmr*lH]te-rS^ 
(well-stirred vessel) J t '^m 0 h(Oii^^htl 

D-1, d-2<^J:5^<^^^^K-t'^;^^ • K^-f 
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[0 0 2 3] Bmi^m^X<:>X. y^— K • x^;^^'^ • K 
:^ >';=^S:^ (conductance loss), ^^XJ^U—;l^ 

• y^-r • K^-f >^D- 1 ^:=^:y h CO/^ ^7i^>^^ 5 1 
<7)^[R]®±-eC>#tt3^^ (resilient mounting) pffg 
y 2^:?^ • :^>'ift^ife^ (clip-on heat exchanger) 

v^5o u^^^;^:7^y >^ • ^ y '>':7^6 0(i. ^i*5J:-c/ 

||2>^ y ?/:7^- r-A6 0 a, 6 0 b T'Jl^J^ $ t^. 
ht^^ 2;?7Bff(^r^ftL;^cIP"^R5a4^0-f$:?f^J5!fe$ti.y^c|^ 
tRprH^a555^(yieldable section) 6 0 d , 6 0 e 

y ^/:7^(o-<-;:^EP^^gp6 0 c K-v^m^m^^ 

fi. {iy^60a, 6 0 b^S?i^j5S;$ttT:i3»9 . rtl^^t*^ 
-/CDftiJgp 5 1 e , 5 1 f Jil^ffAb. y 

[00 2 5] m^^^xfrn^^^mir^t. u^4^;^>^ 
y • ^ y o a, 6 o e ci^i^ 

i-'SBIneof, 6 0 g^^tfo ifil^A;^p 6 2*5J:0^ 
iBWS^dbJP 6 3^s^ 1^^^^ y :y:7^^^)Wg^56 0 c*5j:i;? 

{aijffieoa, 6 o bt^^f^f^-Jt^ttr*?!). y 
^V6 2fi. A;^^^ v^^i*5J:t;^^2A;'jy-r vg|5 

^6 2 a, 6 2 btC^^ftJ-r^. Y^$:<^^^gP (l^^-li: 

■f) ^m-r^m^^^ A^mm-r^o wwmt}y^>e> 

a, 6 3 btci^frj^tl^o A;^^-r V6 2 a, 62b 

fi. "tfh^thm^^m^ y ^y:f(Dma 6 o f , 6 o g 

iffib. filJffieOb, 6 0 a c??^S®C^^^Og$t;i^0o 
g#ir|^(;iMl>*^o @al^gP5>6 2 a, 6 2 b(*. ^ 
6 5{;i:^^v^TSg{^tt-r^r iricij:'^. ffiiJtee 0 a, 60 
bt;l^«^tbTv^^o 6 2 a(^J: 5^c^ia^A:^^-r >- 

c^?ftajttj;^^-r ^6 3(^. 3 2 <D X ^ /£^^mm^m:m 

<DAti^XmL^X\^^^<DX\ /-K>'^3 OF^COHR^^ltS 
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[00 2 6] »:t^|gl 6 -k^Wc^^ b . K • t'^ ^ 

• K^>r :^D- 2;65^^ttTV>^o K^>r>^D-2t*. 
Kp^-f :/D- 1 (O/^'^V'^yif^ 1 irleJC^N^^i/v-^^fr 
1-5;*^ K^>r>^D-2ti. 5 1 eco<t 5 1 ;^E'f 

ounting)i;iSj '9{^^:t?>ttl:v^^fca?>. K • "f-^y^^ 

• K^-f >^'^?^ip-r^3^BB-2^ffi^^i^.^;5s$)6o 
SHB-2fi. ^?l^t^T% ^^-K- K^-r::^D-2c^± 

10 Si:— 5fi:-r^fi^:fo^<i:mM^^t-^^te7 0>^^tfo 

*P«A;^y-f ^35^3^7 1 a (i, ;Jf^7^3 0 (HI 1) t^fzL 
\t.^o:>{^<D^\.fz.^^:y-:ft^h<D^f}y^ >';5^e>j^tii 
Iil6{c:^i-i: 5{-«^<^^6 5 ^;::^o^/^Tig^^^:ft-^ :i ^ 
(;ii:oT. ?^iP«7 0(7)JiS_h(:i3^^$tb. mtB&^t-^ 
?f^/>^^->'^/^br/^*q«7 oi^iatr^{.^oT^i>\ A;^ 
W^t—W-mzMif^^^x\^^^^ 1 bT^r 

^5t{HJI^^*^1^ 3 2^fcf^-?:co{tb.(7)3gLi^c^^{ftiJI^5^^ 

m^(oKti'^xm'^^(ox^ if>^iy^3o^^xym\(r:>^ 

20 ^Wfg^^j^ti. Ill6(^|^5^j^V:^xi:.B- 2(^-gl5^ 
?f^^1-So ^ft:^t-7 2T-^-riotA±(Oi^^^ffl^ y 5^ 
. . 205 1 c, 5 

1 e*5i:t)?/:^/c:Ji5 1 i <D^b^i^\^'m^^(omm±^ 

c5 5 1 b ±.(omm\a^nwL i o ^{^j^-r 
[0 0 2 7] mi ^^m~r^ t . k • ^ ^ ^ ^ • k 

y-<>^'D-3, D-4, D-5, D - 6 COSffT W-f ^ 
?^*p-t~5fc46(DSHB- 3^5|S:tj-^;JxTl/^5o Ctv^,OC) 

30 $ti.. (l^^-^ir-T) (D^o^J:. M 

L T^C r:^ V - ^ ^ttfl: lZ.:^iyllSO{Z.XoXm^ H ^ 
hthX\f^^o K-y=>;^^- Yy^y'D-S^D- 

6(Dmmru^i:^:km(om^m±-t^<DX\ t^^c^t — 
{ST-^. m^?.mhm^^^<ox\ &mm^m^\^<^^ 

[0 0 2 8] ^mt^f^^i&lllit 8 1 CO#>Jr ^^Xit 
50 5 0%*5j;t/^5^l^^ • ^y /U5 0 <Vo<DU^}^CD J: 
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tlhl^s ±^^tT(-. "KAPTOr i:V^5^^^*^T*Dupon Comp 

±Ji. ^mm. ^b^J:t>**T^. ;^et>i;?{;i''TEFLor 
B^-t^Dupon Company;65]^igLTV^^^^Hr*^^. FE 

7^cfi£:^l::R?l^(Dfei:S-g'gI5 8 1 b ^^tt ^ r i CiJ: f9 . 

^^mi^^nmi^x^^. -^m^m^^y<^^mhmm 
\^^mmi\hmMz.<^m.\^x^m<Di^-h^i^n'r:bmm 

[00 2 9] 

M(-P*0/c^Ifeigt-oV>r. *tfci^At^. 1 9 9 6^7^ 

■ • — aJ^I^^ — V 3 V (Compaq Computer 

Corporation) (ClSS^tVTt, ^?^#Messrs. Daniel N. 
Donahoe*5 j:miichael T. GilKn J: -67RH#t^mMaS 

#110 8/6 7 4, 0 8 i-^{^-gS-"r^:i^{-J:'9. r 
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